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(54) COMPOSmON i=OR REFLECTION REDUaNG COATING 

(57) The anti-reflective coating composition com- 
prising at least perfluoroalkylsutfonic add (A) repre- 
sented by the genera! formula: CpF2rH.iS03H (n is an 
integer of 4 to 8). organic amine (B), water-soluble poly- 
mer (C), perfluoroalkyl sulfonamide (D) represented by 
the general fornwia: CnF2r><.iS02NH2 (n is an integer of 
1 to 8) and water (E) and having a pH value of 1 .3 to 3.3 
is applied onto a photoresist film formed on a suk>strate, 
thus forming an anti-reflective coating. The photoresist 
and anti-reflective coating are then exposed to light and 
developed to give a resist pattern. The coating conpo- 
sition can form a uniform anti-reflective coating free of 
standing wave, muHiple rrflection, T-top and PED (Post 
Exposure Delay) in a small amount of drip onto any 
types of resists regardless of the surface shape of a 
sut)stFate. 
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Descripti n 
TECHNICAL FIELD 

[0001] The present invention relates to an anti-reflective coating compositi n and in particular to an anti-reflective 
coating composition for preventing a reduction in patt m dimensional accuracy (change in pattern dmensional width) 
caused by interference, in a photoresist film, of incident light and reflected light off a photoresist surface, with reflected 
light off a sut>strate surface, upon photdrthographically forming a pattern on a photoresist f Om; and a method for forming 
a pattem by use of said anti-reflective composition. 

BACKGROUND ART 

[0002] In the production of semiconductor elements, lithographic technique is applied in which a photoresist f Om is 
formed on a substrate such as silicon wafer, then exposed selectively with actinic radiation and developed wherek^ a 
resist pattem is fonmed on the substrate. 

[0003] in recent years, pattem technology to form finer pattem by lithographic process has made a rapid progress 
in order to attain a higher degrees of integration in LSI. In forming finer patterns, various proposals have been made for 
exposure apparatuses, photoresists, anti-reflective coatings etc. in a wide variety of processes. For exposure appara- 
tuses, processes using a shorter-wavelength light source effective for highly fine pattems, that is. processes using 
deep-uttraviolet rays such as KrF exdmer laser (248 nm). ArF exdmer laser (193 nm) etc.. X-rays or electron beams 
have been proposed and some come to serve for practical use. In the lithographic process of using such short-wave- 
length light sources, highly sensitive chemically amplified resists corresponding to short-wavelength energy rays are 
proposed (Japanese Patent Application Laid-open Specification Nos. 209977/90, 19847/90. 206458/91. 211258/92, 
and 249682/93). 

[0004] The process of using such a short^wavelength light source arxJ chemically anrplified resists is sensitively 
affected by acidic sut>stances. basic substances and water present in an atmosphere. Therefore, there is the problem 
that if resists are allowed to stand for a long time after exposure until post exposure bake (FEB), pattern profiles after 
development become T-shaped (T top) in case of positive resists or post exposure delay (FED) takes place where the 
dimension of resist pattenr^ varies depending on the length of time during the resists were left. 
[0005] Further, if a short-wavelengtii and single-wavelengtii light source is used, incident light generally interferes 
with reflected light in the photoresist/!5ut>strate andi photoresist/air interfaces, resulting in another problem (standing 
wave effect, multiple reflection effect) that the sut>stantial magnitude of light exposure in the layer is altered to adversely 
affect resist patterns. 

[0006] A method of forming an anti-reflective coating on a photoresist film (ARCOR method) has been proposed as 
one method for solving such FED arxl/or standing wave effect. Conventionally, a composition soluble in an organic sol- 
vent such as halogen-based solvent etc. has been proposed as a material for forming an anti-reflective coating in the 
ARCOR method. Recentiy a large number of processing^ advantageous compositions soluble in resist developer solu- 
ti ns (aqueous alkaline solutions) have t>een proposed. However, compositions proposed heretofore are not adequate 
in tiie effect of solving tiie FED and/or standing wave effect, or even if tiiese problems are solved, another new problem 
will occur. 

[0007] For exanrple. Japanese Fatent Application Laid-open Specification No.1 88^8/93 discloses a composition 
developat)le with aqueous developer, comprising a fluorocartx)n compound, a water-soluble polymer binder and an 
amine. However if an anti-reflective coating made of this composition is fomned on a resist film, an residue undeveloped 
(insdubilized layer) may be generated on the upper layer of the resulting resist pattern after development This phenom- 
enon occurs presumably because the surface of the resist film is made insolut)le in a developer by the interaction 
between components in the anti-reflective coating and resist componerrts such as novolak resin and naphthoquinone 
diazide in tiie presence of a quaternary ammonium salt in the developer. Further, the refractive index of the anti-rdlec- 
tive coating cor^isting of this composition developable with aqueoi^ developer, comprising a f tuorocartx>n compound, 
a water-solut)le polymer binder and an amine is far from an ideal refractive index. 

[0008] Japanese Fatent /Application Laid-open Specification No. 51 523/94 discloses a composition comprising var- 
ious water-soluble fluorine-containing compounds such as N-propyl-N-(2-hydrQxyethyl) perfluorooctane sulfonamide 
etc. having a water solubility of 1 % by weight or more, but the dimension stability of this compositi n when using short- 
wavelength light sources is hardly compatible with coating suitability for various resist materials and various stepped 
sut>strates. 

[0009] Japanese Fatent /Application Laid-open Specification No. 118630/94 proposes a coating composition for 
chemically amplified resists, comprising a water-soluble film-forming component and a proton gen^ating sut>stance. 
The problem of th^ coating composition is that the problem of FED cannot be solved t}ecause its high refractive index 
makes the reflection preventing effect inadequate and a weak add salt of ammonium exemplified as the proton g^er- 
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ating substance inactivates an acid generated from the chemically amplified resist and present in the surface of the 
resist. 

[0Q10] Japanese Patent Application Laid-open Specification No. 148896/94 discloses a composition comprising a 
water-soluble film-forming component and a f luorin&<x>ntaining surface active agent, where a poly(vinyl pyrrolidone) 
homopolymer is mentioned as a preferable example of the water-solU)le fiim-fomiing component and a fluorine-con- 
taining organic ammonium salt as a preferable example of the fluorine-containing surface active agent Japanese Pat- 
ent Application Laid-open Specification Mo.292562/96 discloses a composition containing a poly(vinyl pyrrotidone)- 
based resin, a f luorine-corrtaining surface active agent, arxj a water-solut)le fluorine conrpourxi of f luorinated aliphatic 
cartx)xytic acid amide such as 2-chloro-2,2-cfif luoroacetamide etc. However these compositions are poor in coating suit- 
ability for various resist materials and various substrates such as stepped substrates, so there are problems that resist 
materials to be applied or substrates as the object of coating are limited or a large anrK>unt of anti-reflective coating com- 
position is required in applying the sut)strate. Further, these compositions cannot solve the problem of PED in the 
chemically amplified resist. 

[001 1 ] The present inventors pre^ously found that an arrti-ref tective coating composition having low refractive index 
and being excellent in coating stability can be obtained by use of a composition comprising pert luoroalkylsuKonic add, 
monoethanolanrtine. poly(vinyl pyrrolidone). a water-soluble alkyi siloxane polymer and water (Japanese Patent Appli- 
cation Laid-open Specification Na 291228/97). or by use of a combination of two or more fluorine corrpounds different 
in the lengtii of the alkyI chain and a perf luoroalkyt group-containing sulfonyl amide compound (Japanese Patent Appli- 
cation Laid-open Specification No. 3001/98). However these compositions had the problem that coating defects in a 
streak form occur on stepped sut)sbrates such as logic IC etc. 

[001 2] Accordngly. tiie object of the present invention is to provide an anti-reflective coating composition free of the 
above problems and a method of forming a pattern by use thereof, that is. to provide an anti-reflective coating conpo- 
sition and a metiiod of forming a pattem by use thereof where the composition is capable of solving the PED. standing 
wave effect and multiple reflection effect and has excellent suitability for applying on various resist materials arxl various 
substrates, specifically being applicable in a small anrxHjnt of drip and having no coating defects even on stepped sut>- 
strates. 

DISCLOSURE OF THE INVENTION 

[001 3] As a result of their eager study to solve the atxTve problems, the inventors found that the problems are solved 
by use of an anti-reflective coating composition comprising at least the following (A), (B), (C). (D) and (E) and having a 
pH value of 1 .3 to 3.3. and tiie present invention was tiiereby completed. 

[001 4] That is, tiie first invention is to provide an anti-reflective coating composition comprising at least tiie following 
(A). (B). (C), (D) and (E) and having a pH value of 1 .3 to 3.3, 

(A) perf luoroalkylsuHonic add represented by the general formula: 

CpFarv^iSOaH (I) 

wherein n is an integer of 4 to 8, 

(B) organic amine, 

(C) water-soluble polymer, 

(D) perf luoroalkyi sulfonamide repressed by the general formula: 

CnF2r>.lS02NH2 (II) 

wherein n is an integer of 1 to 8, and 

(E) water. 

[0015] The second invention is to provide an anti-reflective coating composition descrit)ed in the first invention 
wherein the organic anrtine is monoethanol amine. 

[001 6] The third invention is to provide an anti-reflective coating conrposition descrfoed in the first or second inven- 
tion wherein the water-solut)le polymer is poly (vinyl pyrrolidone) arvl/or poly(acrylic acid). 

[001 7] The fourth invention is to provide an anti-reflective coating composition described in any one of the first, sec- 
ond arxJ third inventions wherein the ratio ty weight of perfluoroalkylsuHbnic add (A), organic anrtine (B), watar-solut)le 
polymer (C). and perfluoroalkyi suHbnamide (D) in the composition is set such that (A)/(B)/(D) = 2.0 to 7.0/0.1 to 
1 .0/0.01 to 2.0 assuming that the ratio of water^lut)le pdymer (C) is 1 . 

[0018] The fifth invention is to provide a metiiod of forming patterns which comprises the step of applying a com- 
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posHi n descrbed in any one of the first invention to fourth invention onto a photoresist film and heating it as necessary. 
[0019] A genera] method of fbnrting a resist pattem by the ARCOR method comprises e.g. the step of applying a 
photoresist composition onto a semjconductor sut>strate. the step of baking the formed photoresist film as necessary, 
the step of applying an anti-reflective coating composition on said photoresist film as necessary, the step of post expo- 
sure bake said photoresist film and said anti-rellective coating film as necessary, the step of exposing said photoresist 
and anti-reflective coating layer through a mask In a predetermined pattem, the step of post exposure bake (PEB) as 
necessary, and the step of developing said photoresist and anti-reflective coating film with an aqueous alkaline solution. 
[0020] Rrst. the perf luoroalkytsuHbnic add used as component (A) in the anti-reflective coating composition of the 
present invention is used as a conrponent for reducing the refractive index of the anti-reflective coating. 
[0021 ] In order to achieve excellent anti-reflective properties generally by the ARCOR method, it is cornered nec- 
essary to satisfy corxl'rtions such as in the following fornrtulae 1 arxJ 2: 

"terc = >y^W Formula 1 

wherein n,^ is the refractive irxlex of an anti-reflective coating, and n^^x refractive index of a resist 

^terc = ^/^^taro Formula 2 

wherein dtarc is the thickness of an anti-reflective coating. X tiie wavelength of an energy ray, and x is an odd integ^. 
[00^] As is evident from these formulae, anti-rellective ability is determined by the refractive indexes of an anti- 
reflective coating and a resist at the wavelength of an objective light source and by the thickness of the anti-reflective 
coating. The refractive index of the anti-reflective coating shouki be lower than that of the resist within the range in which 
the above conditions are satisfied. 

[0023] It is known that the fluorine atonrHX>ntaining compound indicates a low refractive index resulting from the 
characteristics of tiie large molecular volume arxj small refractive index of fluorine atom, arxj the value of its refractive 
index is almost proportional to the content of fluorine in the compound. The compound represented by the general for- 
mula CnF2rH.iS03H atx3ve is one effective as a fluorine-containing conrpound having low refractive irxiex and develop- 
able with aqueous developer, which is a compourxJ preferable for demonstrating anti-reflective performance. If the 
perf luoroalkytsuHbnic add represented by the general formula CnF2rH>iSQ3H at>ove is at)sent the resulting coating has 
an increased refractive index and fails to suff identiy inhibit the starKiing wave effect and multiple reflection effect, result- 
ing a reduction in the dimensional accuracy of the resist 

[0024] According to the firxlings of the present inventors, the perfluoroalkylsulfonic add (CnF2rH.i303H) brings 
atx)ut different stability with time for the coating, depending on the chain length of the perfluoroalkyt (CnF2rH.i = Rf) 
group in the nfx>lecule. If a long-chain Rf group is used as Rf group to inaease the content of fluorine in the nrx>lecule of 
perfluoroalkylsulfonic add, crystallization of Rf group proceeds with time, thus causing the fatal problem of generation 
of turbidity and aaddng in the coating. On the other hand, if a short-chain Rf group is used, tiie refractive index of the 
resulting coating is increased, and the objective anti-reflective peribrmance cannot be obtained. From this viewpoint, tt 
is necessary to use the compound wherein n in CnF2rH.iSQ3H is 4 to 8 as the chain length of the Rf group. Preferat)ly, 
the corrpound with n = 7 arxl/or 8 arxl at least one connpound selected from those having n = 4 to 6 are used simulta- 
neously, and more preferably the connpound with n = 7 and/a 8, tiie compound with n = 6, and the compound with n = 
4 arxi/or 5 are used simultaneously. The Rf group may t>e straight-chain or branched. When compounds having different 
Rf chain lengths are used simultaneously, their mixing ratio though being different dependirtg on the objective anti- 
reflective performance, the resist materials used, the wavelength of the light source etc., is generally as follows: (com- 
pound with n = 7 and/or 8) / (at least one compound selected from those wrth n = 4 to 6) = 99/1 to 1/99, preferably 80/20 
to 20/80, and (compound with n ~ 7 and/or 8)/(compound with n = 6)/(compound with n 4 and/or 5) = 10 to 95/4 to 
80/1 to 70. preferably 20 to 80^ to 60/5 to 50, nmre preferably 40 to 65^0 to 4S/5 to 30, in terms of ratio by weight 
[0025] The organic anrune of componen t (B) i n the anti-reflective coating composition of the present invention is^ 
corrponent essential for adjusting the pH of the coating composition to the optimum range and for forming a uniform ^ 
coating on various resists or substrates. The organic amine is not particulariy limited insofar as it is an organic amine 
compound used conventionally arxj known in the art Examples of the organic amines indude nrK)nometiiytamine, 
dimethylamine, trimetiiylamine, monoethylamine, diethylamine, triethylamine, n-propytamine. iso-propylannine, n- 
butylamine. tert-butylamine. di (n-txjtyl) amine, ethylenedamine, dietiiylenediamine, tetraetiiylenetrianrvne, cydohexy- 
lamine, nrK>noethanoiamine, diethanolanmne, tdettianolamine, propanolamine etc. Further, the organic amine indudes 
organic ammonium corrpounds such as jetramethyl ammonium hydroxide , tefraethyl amnronium hydroxide etc. /Vs a 
matter of course, the present invention is not limited by these examples. — — " 
[0026] From the viewpoint of solving FED, maintenance of low refractive index, compatft)ility with other components 
in the composition, and stability with time of the coating etc, the preferat)le organic amine is alkanolamines such as 
monoethanolamine, dietharK>lamine, triethandanrdn , propanolamine etc. anruxig which mono€tliarx>lamine is more 
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preferable. 

[0027] Adjustment of the anti-reflective coating cx>mposition to the range of pH 1 .3-3.3 with the organic amine was 
found to be preferable to solve PED, to exhibit coating suitability onto res^ surfaces of varioi^ shapes or resists, and 
to attain the stability with time of the resulting coating. If the pH of the anti-reflective coating composition is not within 
5 said pH range, it becomes difficult to achieve at least one of these characteristics. 

[0028] Then, the water-soluble polymer of the componerrt (C) in the anti-reflective coating composition of the' 
/ present invention is a component which forms a coating stat)le with time on the resist f Sm after said composition is uni- 
formly coated onto the surface of the resist film. The water-soluble polymer may be any one used conventionally arxi 
known in the art insofar as it is a polymer having a water solubility of 0. 1 % by weigtrt or more. Examples of such water- 
10 soluble polymers include homopolymers or copolyme rs containing, as constitutional monomer units, hydrophilic units 
such as vinyl alcohol, ( meth)acrylic ad d, 2-hydrQxyethyl (meth)acrylate, 4-hydroxytxjtyt (meth)acrytate, glycosiloxyetfiyl 
(meth)acrylate, vinyl methyl ether, vinyl pynrdidone, ethylene glycol, glucose etc., and mention may further be made of 
water-soluble f luorine^nrtaining polymers used for anti-reflective coating agents disclosed in Japanese Patent Appli- 
cation Laid-open specification Nos.11fllS Sg4, 234514/95. 50129/97. 90615/9 7, and 17623/98 etc. As a matter of^ 
course, the present invention not limited l>y these exarrples. 

[0029] Tfie water-soluble polymer of component (C) may be produced in any process, and the process for produc- 
ing said polym^ is not particularly limited. Introduction of the hydrophilic unit into the water-soluble polymer may be 
effected by any polymerization method such as bulk polymerization, emulsion polymerization, suspension polymeriza- 
tion or solution polymerization of the hydrophilic unit itself according to polymerization mechanism such as radical 
polymerization, anionic polymerization, arxJ cationic polymerization, or alternatively by a method of producing a 
hydrophilic unit-free polymer and then substituting rt with the hydrophilic unit, or tiiese methods may be combined. 
[0030] The water-soluble polymer is preferably poly(vinyl pyrrolidone) arr l/or nnlyfara^iaadd) from the viewpoint 
of coating suitability for resist surfaces of different shapes or resists, stability with time of the coating, dimensional sta- 
bility of tiie resist, low refractive index, and sotubil'rty in water after t>aking treatment at a high temperature of 150 to 160 

25 **C. 

[0031 ] The weight average rTK)lecular weight of the water-soluble polymer is preferably 1 ,000 to 1 0,000, more pref- 
erably 2,000 to 5,000. If the molecular weight is less than 1 ,000, it k>ecomes difficult to obtain a uniform coating, and 
simultaneously tiie stability witii time of the coating is decreased, while if the molecular weight is more than 1 0,000, tiie 
threading occurs at the time of coating, and tiie spreading of the coating on the resist sur^e is poor, so a uniform coat- 
30 ing cannot be fbmied by using a small amount of the corTfx>sition. 

[0032] In the anti-f Elective coating corrposition, tiie perf luoroalkyi sulfonamide of component (D) represented by 
the general formula CnF2r>fiS02NH2 wherein n is an integer of 1 to 8 is the most characteristic component in tiie 
present invention. The usage of this compound in tfie cx)mposrtion leads to drastic improvements in coating suitability 
for resist surteces of Afferent shapes or resists, specifically in uniform coating properties when the composition is 
35 applied in a small amount of drip, as well as in coating suitability for stepped sut)strates. 

[0033] The perfluoroalkyi sulfonamide represented by the atx>ve general formula is a compound having a solut>ility 
as very low as 0.05 % or less in water. The solubility of said compound in the anti-reflective coating composition is 
increased to about 1 .5 % by adjusting the pH of the composition containing tiie above perf luoroalkylsuHbnic add etc. in 
le range of pH 1.3 to 3.3, so an uniform coating solution can be prepared when added. Then, when the perfluoroalkyi 
suHbnamide of component (D) is added to the anti-reflective coating composition with tiie pH adjusted in the range of 
1 .3 to 3.3. the dynamic surface tension and static surface tension of said composition are decreased, and simultane- 
ously the wetting properties of tiie coating solution toward the surfaces of various resists are improved. As tfie result, 
coating suitability for stepped sut>strates is drastically improved to make formation of a coating which is uniform arxJ sta- 
tAe with time possit)le e^en if the corrposition is applied in a small amount of drip. Furtfier, after lithographically proc- 
~^§ssed, the coating can be easily removed t>y known and converrtional aqueous development. ^ 
/ [0034] In order to decrease the dynamic and static surface tensions of the anti-reflective coating corrposition and 
I eff identiy improve wetting properties on resist surfaces by use of the perfluoroalkyi sulfonamkle, it is necessary to use 
\one wherein n in tiie Rf chain is 1 to 8, among which C6F13SO2NH2, C7F^5S02NH2 or C8F^7SC>2NH2 (n is 6, 7 or 8) 
are preferable, and C6F13SO2NH2 is particularly preferat)le. Perfluoroaktyt sulfonamides may be used alone or in com- 
bination. ^ ^ 
[0035] Water of corrponent (E) in the anti-rellective coating corrposition of the present invention is not particularly 
limited insofar as it is water, but it is preferable to use water from which organic impurities, metal ions etc. were removed 
by cfi stillation, ion-excfiange treatment, filtration, and various adsorption treatments. 

[0036] For the purpose of inproving coating properties, a water-solut)le organic solvent can also t>e used with 
55 water. The water-soluk)le organic solvent is not particularly limited insofar as it is cfissolved in an amount of 0.1 % t>y 
weigfit or more. Exanples of the organic solvents indude aloohds such as methyl alcohol, etiiyl alcohol, isopropyl alco- 
hd etc.; ketones such as acetone, metfiyl ethyl ketone eta; esters such as methyl acetate, ethyl acetate etc.; arxJ polar 
solvents such as dimethytformamide, dimethyl sutfbxkle, methyl Cellosolve, Cellosolve, txjtyl Cellosolve, Cellosolve 
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acetate, butyl carfoitol. carbitol acetate etc. These exanples are clescrflt>ed as mere examples of organic solverrts, arxJ 
the organic solvent used in the present invention is not limited to these solvents. 

[0037] As descrit>ed above, the respective components (A), (B), (C), (D) and (E) are simultaneously incorporated 
into the anti-reflective coating composition, whereby the anti-reflective coating composition being capable of uniform 
coating in a small anrx)unt of drip nto a wide variety of sut)strates and being superior in anti-reflective effect can t>e 
obtained and the superi r dimensional stability of the resist can be realized. That is, the respective components (A) to 
(E) are incorporated as essential ingredients in the present invention, whereby the problem of the present invention is 
solved not only by the effect of each conrponent but also by the synergistic effect of the respective components. 
[0038] The compounding ratio of components (A), (B), (C) and (D) in the present invention is not particularly limited 
insofar as the pH of the anti-reflective coating composition is regulated within the range of 1.3 to 3.3, and tiieir com- 
poundng ratio though being different depending on the objective resist materials, exposure apparatus, anti-reflective 
performance, surface shape of sut3Strate etc., is preferably perfluoroalkylsulforvc add (A)/organic amine (B)/|perfluoro- 
alkyl sulfonamide (D) = 2.0 to 7.0A). 1 to 1 .0A).01 to 2.0 in terms of ratio by weight assuming that water-soluble polymer 
(C) is 1 , and more preferably (A)/{B)/(D) = 3.0 to 5.0A).15 to 0.5/0.12 to 1 .3 (ratio by weight) assuming that (C) is 1 . 
[0039] The resist materials on which tiie anti-reflective coating corrposition of the present invention is applied, may 
be any ones known in the art and are not particulariy limited. Examples of the res^ materials include a positive-working 
photoresist based on a novolak resin solut)le in an aqueous alkaline solution arxJ on a naphthoquinone diazide deriva- 
tive; a chemically amplified positive-working resist composed of polyhydrcxystyrene partially substituted by a protective 
group to prevent tiie dissolution In an alkaline developer and be released in the presence of an add. an photo add gen- 
erator generating an add upon exposure to light etc.; a negative-working resist incorporating a binder polymer such as 
novolak resin and a photo-crosslinking agent such as bis-azide; a chemically amplified negative-working resist conrpris- 
ing an alkali^lut>le resin such as poly(hydroxystyrene) or ncvolak resin as a binder polymer, a aosslinking agent such 
as a melamine derivative for crosslinking in the presence of an add, arxJ a triazine type photo add generator generating 
an acid upon exposure to light etc. 

[0040] The method of fbnning a resist pattern by using said anti-reflective coating composition in a lithographic step 
upon manufacturing semiconductors is described by reference to the following example. 

[0041 ] Rrst, a photoresist is applied at a predetermined thickness onto a semiconductor sut>strate by spin-coating. 
The steps thereafter shall be selected by the user depending on some conditions, but fblkiwed in general by a resist 
bake step on a hot plate. Depending on tiie resist used, or depending on the arrangement of the applicator, the resist 
bake step may be eliminated. Sut)sequentiy, the anti-reflective coating composition is applied at a predetemnined thick- 
ness by spin-coating in the same manner as in applying the photoresist. In this step, if a water^luble coating material 
is to t)e applied by spin-coating onto tiie resist film which is highly hydrophobic, the phenomenon of repelling or radial 
coating unevenness may occur on the resist surfece in general, or when a stepped pattern is formed on tiie sut>strate, 
coating unevenness in the form of a streak may k>e generated from the end of the pattern. However, when the arrti- 
reflective coating corrposition of the present invention ^ used, generation of such coating defects can t>e prevented. 
[0042] Thereafter, there is the step of baking the resist and the anti-rellective coating layer on said resist, but this 
step may also be eliminated depending on conditions. If baking is conducted after fbnning the anti-reflective coating 
layer, it is conducted generally at a terrperature not higher than the temperature for baking the resist abne. 
[0043] Subsequentiy, said photoresist and anti-reflective coating film is irradiated with light through a mask in a pre- 
det rmined pattem in an exposure apparatus. As the exposure apparatus, those with g-line, i-line or exdmer laser light 
source can be used, txjt ttie exposure apparatus is not limited to the atxve. 

[0044] Folkwving this exposure step, fc>aking treatment on a hot plate is generally conducted for improvement of tiie 
resist pattern shape or for progress of tiie reaction when the chemically amplified resist is used. As a rrtatter of course, 
this baking treatment may also t>e eliminated deperxiing on the resist composition used. In particular, the chemically 
arrplif ied resist may be influenced t>y an alkaline component in the atmosphere in which it is left after exposure to light, 
tfujs causing deterioration of the resist pattem shape after development in some cases. The influence of its being left 
(PED) can t>e prevented by said anti-reflective coating formed on the resist 

[0045] The resist arxi anti-reflective coating layers after subjected to exposure treatment are developed during a 
development step using an aqueous alkaline solution (using 2.38% aqueous tetramethyl ammonium hydroxide in many 
cases) to fonn a resist pattem. 

[0046] As a matter of course, the present invention is not limited by the above specific descrption. 
[0047] The anti-reflective coating corrposition of the present invention can be applied in a small amount of drip onto 
any type of res^ such as all-purpose resist, chemically arrptified resist etc., arxJ the coating thus formed can effec- 
tively inhibit the multiple reflection effect arxi PED, and realize the superior dimensional stability of the resist 
[0048] Hereinafter, th present invention is deserved in detail by reference to the Examples and Conparative 
Examples, which however are not intended to limit the present invention. The term "parts" refers to parts by weight 
unless otherwise specified. 
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Exanrple 1 

[0049] 1 .0 part of poly (vinyl pyrrolidone) with a weight average molecular weight of 3,000. 4.0 parts of Cs^iySQsH, 
0.35 part of monoethanolamine. and 0.1 part of C6F13SO2NH2 were unrfbrmly dissolved in 94.55 parts of pure water by 
heating them to 70 ""C. The solution was retumed to room temperature (23 ^'C) and corrfirmed to be uniform. The solu- 
tion obtained was then passed through a 0.05 ^m fitter to prepare an anti-reflective coating composition. The pH value 
of this anta'-f ellective coating composition at 23 **C was 1 .63. JatHe 1 shows the static and dynamic surface tensions of 
the resulting anti-reflective coating composition and the contact angle when said composition was dropped on the sur- 
face of a resist 

[0050] Static surface tension, dynamic surfoce tension and contact angle were determined by the following meas- 
urement methods. 

Static surface tension: 

[0051] Determined at 23 ''C with an automatic equilibrium-type electronic surface tension t>alance ESB-IV model 
(Kyowa Kagaku K. K.) by the Wilhelmy method by use of a platinum plate. 

Dynamic surface ter^on: 

[0052] Determined t>y evaluating the hysteresis of the surface tension formed when its solution area was changed 
successively 10 times from 20 to 80 cm^ at a rate of 10 secVcyde at 23 °C by use of an automatic dynamic surface 
tension t}alance DST-A1 model (Kyowa Kaimen Kagaku K. K.). Specif k:ally, the hysteresis formed by the 10th change 
was adopted as surface loss energy (10~^ mJ). 

Corrtact ancle: 

[0053] The value of contact angle just (about 2 to 3 seconds) after the anti-reflective coating composition was 
dropped onto the surface of a resist, as determined at 23 ^'C by an automatic contact angle meter CA-Z model (Kyowa 
Kaimen Kagaku K. K.), was adopted. 

Examples2 to 15 

[0054] Example 1 was repeated using the compounds in the amounts (parts) shewn in Tables 1 arxJ 2 to give the 
anti-reflective coating compositions in Examples 2 to 15. The pH values of the resulting anti-reflective coating compo- 
sitions were as shown in TstHes 1 and 2. 

[0055] The static surface tension, dynamic surface tension and contact angle of the anti-reflective coating compo- 
sition in each example were determined in the same manner as in Example 1 . The results are shown in Tables 1 arxi 2. 



EP 1026 208 A1 



Table 1 
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Table 2 
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Comparative Examples 1 to 7 

[0056] Example 1 was repeated i^'ng the corTpourxis in the arTK>unts (parts) shown in Table 3 to give the anti- 
reflective coating compositions in Comparative Examples 1 to 7. The pH values of the resulting anti-reflective coating 
compositions were as shown in Table 3. 

[0057] The static surface tension, dynamic surtece ter^on and contact angle of tiie anti-reflective coating compo- 
sition in each comparative example were measured in tiie same manner as in Example 1. The results are shown in 
Tables. 



Table 3 
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Table 3 (continued) 
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Example 16 

[(K^] According to the evaluation methods described t>elow, coating properties, coating stability, refractive index 
and lithographic character^cs of the arrti-refiective coating corrpositions obtained in Examples 1 to 15 above were 
evaluated. The results are shown in Tables 4 and 5. The refractive Index in the tables is a value at 248 nm. 

Evaluation of coating properties: 

[0059] A chemically amplified positive-working res^ AZ® DX1 1 00 (Clariant (Japan) K.K.), was applied at a thick- 
ness of 0.75 ^m after baked onto an 8-inch silicon wafer treated witii HMDS, and subjected to baking treatment at 1 1 0 
''C for 60 seconds on a hot plate to prepare a substrate for evaluation. Then, an anti-reflective coating composition sam- 
ple was dropped and applied onto the above sutistrate by means of a resist coater LARC-ULTIMA 1 000 (Lithoteck Ltd.). 
and the minimum anrK>unt of the topped composition necessary for forming a uniform coating on the 8-inch wafer was 
corrparatively evaluated. 

[0060] Separately, the resist AZ® DX1 100 was applied onto a 6Hnch substrate with a step of a 5000 angstronrh 
height silicon oxide layer, and then baked in the same manner as in the above<lescribed experiment. Onto this sub- 
strate was dropped and applied an anti-reflective conrposition sample by use of the resist coater LARC-ULTIMA 1000 
(Lithoteck Ltd.). and the coating after spin-coated was observed for its state under a microscope. 

Evaluation of Qoating gtgbiiity: 

[0061] The coating formed in the evaluation of coating properties was kept in a dean room and observed for its 
state with time. Evaluation of coating stability was conducted according to the following criteria. 

A: ^k) problem. 

B: Rne needle cry^ate are obs^ed but there is n problem for use. 

C: Predpitation of fine crystals is observed but there is no problem for use. 

D: Not liable with crystals precipitated. 

Evaluation of refractiv index: 



[0062] An ariti-rdlective coating conrpositionsarrple was applied at a thickness of 450 angstror^ nto 
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a 6-inch silicon wafer by meavs of the resist coater LARC-ULTIMA 1000 (Lithoteck Ltd.), and then subjected to baking 
treatment at 90 ""C for 60 seconds on a hot plate, and its refractive index was determined between 1 93 nm and 930 nm 
by means of Spectral Eripsometer ES5G (Sopra Ltd.). 

Evaluation of lithoaraohic characteristics: 

[0063] A chemically amplified positive resist. AZ® DX1 100 (Clariant (Japan) K.K.), was applied at a thickness of 
0.75 fim after baked onto a 6-inch silicon wafer treated with HMDS, and subjected to baking treatment at 1 1 0 ""C for 60 
seconds on a hot plate, and an anti-reflective coating composition sample was then applied onto it at an approximately 
predetermined f Om thickness after baking on tiie basis of formulae 1 and 2 above, and then it was siAjected to baking 
treatment at 90 ^"0 for 60 seconds on a hot plate and tiien exposed to light with KrF exdmer laser stepper NSR-2005 
EX10B (an exposure apparatus from Nikon K.K.. NA: 0.55. a: 0.55) and subjected to FEB (post exposure bake) at 70 
''C for 90 seconds on a hot plate, followed by paddle development for 60 seconds by use of an organic alkali devefoper 
AZ^OO MIF (developer solution produced by Clariant (Japan) K.K.). After development the sectional shape of tiie pat- 
tern was observed under a scanning electron microscope S-4000 (K.K. Hitachi Seisakusho) frestst pattern profile" in 
the table). 

[0064] Separately, the above exposed wafer was allow to stand for 1 2 hours till FEB after exposure, and then devel- 
oped in tiie same manner, and the stabilization effect on FED (post exposure delay) was evaluated in the same manner 
("shape deterioration by FED" in the table). 

[0065] Evaluation of resist pattem profile arxj shape deterioration by FED was made according to the following cri- 
teria: 

A: No problem. 

B: Dark erosion (DE) tends to be increased, but there is no problem for use. 
C: Resist pattern profile tends to be T-shaped, txjt there is no problem for use. 
D: Dark erosion (DE) is too large. 
E: Resist pattern profile is T-shaped and not usable. 
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Comparative Example 8 



[0066] Coating properties, coating stability, refractive irxjex and lithographic characteristics of the anti-reflective 
coating compositions obtained in Comparative Examples 1 to 7 were evaluated in the same manner as in Exanrple 16. 
The results are shown in Table 6. 
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[0067] From Tables 4, 5 and 6. the anti-reflective compositions in Comparative Examples have problems with at 
least one of coating properties, coating stat>ility; refractive index, and lithographic characteristics, whereas those of the 
present invention are superior in any of the characteristics including coating properties, coating stability, refractive 
index, ajnd lithographic characteristics, and it is understood that the present invention can provide a composition with 
no problem for use. 

EFFECTS OF INVEISTTION 

[0068] The anti-reflective coating composition of the present invention can be applied uniformly in a small amount 
of drip onto any type of resists, for example all-purpose res^ chemically amplified resist etc. regardless of the suriace 
shape of a sut^strate as the object of application. The coating thi^ formed can effectively inhibit the multiple reflection 
effect, standing wave effect and PED, whereby a resist pattern excellent in dimensional stability arxJ in sectional shape 
can t>e formed. 

Claims 

1. An anti-reflective coating composition comprising at least the following (A), (B), (C). (D) and (E) and having a pH 
value of 1.3 to 3.3, 

(A) perf luoroall^lsuHbnic add represented by the general formula: 

CnF2n,iS03H (I) 

wherein n is an integer of 4 to 8, 

(B) organic amine, 

(C) water-soluble polymer, 

(D) perf luoroalkyl sulfonamide represented by the general formula: 

CpFarv^iSOaNHa (II) 

wherein n is an integer of 1 to 8, and 

(E) water. 

2. An anti-reflective coating composition according to claim 1 , wherein the organic amine is monoetfianolamine. 

3. An anti-reflective coating composition according to claim 1 , wherein the water-soluble polymer is poty(vinyt pyrro- 
lidone) and/or poly(acrytic add). 

4. An anti-reflective coating composition according to any one of daims 1 to 3, wherein the ratio by weigfit of perf luor- 
oalkylsuHonic add (A), organic amine (B), water-soluble polymer (C), and perftuoroalkyi sulfonamide (D) in the 
composition is set such that (A)/(B)/(D) = 2.0 to 7.0/01 to l.oyo.01 to 2.0 assuming that the ratio of water-solut)le 
polymer (C) is 1. 



5- 



A method of forming a pattern, which comprises tiie step of applying the anti-reflective coating corrposition 
described in any one of daims 1 to 4 onto a photoresist film and heating it as necessary. 
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